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PREFACE 


This report, prepared by the U.S. Department of Energy, 
Bartlesville Energy Research Center, for the U.S. Department of 
Transportation, Transportation Systems Center, Energy Technology 
Branch, Cambridge MA, presents results of experimental work to 
obtain information on performance characteristics of an engine 
used in automobiles sold in the U.S. The engine used in this work 
tomGnenotsasserles, Of 10 engines to be tested in the current pro- 
Suc his 1s the fourth of the reports to be published covering 


work with those engines. 


This project is funded by the National Highway Traffic Safety 
Administration, Office of Research and Development, Office of 


Passenger Vehicle Research, Technology Assessment Division. 


RakpheGe Colello vand James, A. Kidd, ,.Jr., of the U.S. Depart- 
ment of Transportation, Transportation Systems Center, are the 


technical monitors. 
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1. INTRODUCTION 


The data acquired from tests of a 1976 Chevrolet 85 CID engine are 
presented in this report. This engine is used by Chevrolet in the 
Chevette models (2,250 1b weight class). The test results are suffi- 
cient to establish steady-state maps for fuel consumption and emissions 
(carbon monoxide, unburned hydrocarbon, and oxides of nitrogen) over 
the entire operating range of the engine. 


The objective of this program is to obtain engine performance data 
for estimating emissions and fuel economy for varied engine service 
and duty. The intent of this work is to provide basic engine charac- 
teristic data required as input for engineering calculations involving 
ground transportation. 


2. ENGINE TEST REPORT 


The engine test setup included a complete engine with the excep- 
tion of a fan and a cooling tower which was used in place of the 
radiator. The alternator was included but was not wired into the 
engine's electrical system. The new mean-tolerance engine was equipped 
with emission control systems including exhaust-gas recirculation 
(EGR) and an oxidation catalyst. General engine specifications are 
listed in table 1. A single batch of unleaded regular-grade gasoline 
was used throughout the break in (table 2) and test; a detailed fuel 
‘analysis if given in table 3. The engine break in consisted of 40 
hours of engine operation on the dynamometer. The engine was operated 
at various speeds and loads designed to simulate road/load conditions. 
Engine testing began on 10 Gctober 1976 and ended on 23 November 
1976. The engine was tested while operating at the steady-state modes © 
shown in table 4. 


The following data were recorded for each test point: 


Test number 

Date 

Barometric pressure, mm Hg 

Dewpoint, °F 

Inlet air temperature, °F 

Speed, rpm 

Torque, lb-ft -- BLH strain gage loed cell; Daytronics indicator 
Fuel rate, lb/hr -- Fluidyne positive displacement fuel flowmeter 
Ignition timing, °BTC 

Manifold vacuum, in. Hg 

Throttle angle, deg 

CO, pct -- Beckman NDIR 

C05, pct -- Beckman NDIR 

Oo, pct -- Beckman polarographic detector 

HC, ppmC -- Custom-built heated flame ionization detector 
NO,, ppm -- Thermo-Electron chemiluminescent detector 

Oil temperature, °F 

Oil pressure, psig 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H90 

Intake manifold temperature, °F. 


The following equations were used in calculating power, air/fuel 
ratio, absolute humidity, and mass emission rates of carbon monoxide 
(CO), unburned hydrocarbons (HC), and oxides of nitrogen (NO,): 


1. Partial pressure of water vapor in intake air (millimeters 
of mercury): 


_ 708 |. 
P = exp per = wes, 


where D = dewpoint, °F. 


2. Absolute humidity (grains moisture per pound dry air): 


_ 4347.8(P) , 


SS ea 


where B = barometric pressure, mm Hg. 


3. Humidity correction factor (dimensionless): 


Ky = 
Hee OROOA7 (Haan 
Note: This factor is used to correct the NOx mass emission 
rate to a standard humidity of 75 grains moisture per 
pound dry air. 


4. Stoichiometric air/fuel ratio (dimensionless): 


X 
_ 69(2 + 2 - y) 
ahs MWeuel 
where x = hydrogen-carbon atomic ratio of fuel , 
y = oxygen-carbon atomic ratio of fuel, 
Mlfuel = fuel molecular weight per carbon atom, 


12.01115 + 1.00797x + 15.9994y. 


5. Hydrogen concentration in raw exhaust (percent): 


yy = CO CoSs oy 
‘2 ~ ~2(CO + 3C02 


where C92 = carbon-monoxide concentration (percent), 
COp = Ccarbon-dioxide concentration (percent) . 


Note: This equation assumes a water-gas shift equilibrium constant 


(CO)(H20) _ 
(Cia  ~ 


6. Correction factor for emission concentrations from wet basis 
to dry basis (dimensionless): 


(5)(CO + CO) - Hp 
Gece ee ee 
Ww TOO 


Note: In these tests only HC is measured on a wet basis. 
All other species are measured on a dry basis. 


7. Air/Fuel ratio (dimensionless): 


NO, 
x 


X 
Nes ee VCO) > (22 = yiOla) & 22) © tar = 
AP 2 “a , 
X 
et ocd CO + COp + Cw (a5e) 
where 0» = oxygen concentration (percent) 
NO, = oxides of nitrogen (ppm) 
HC = unburned hydrocarbon concentration (ppmC). 


8. Exhaust flow (pounds per hour): 


Mey = Me(1 + AF); 
where Mr = fuel flow rate (pounds per hour)- 
9. Carbon monoxide mass emission rate (grams per hour): 


Mex CO MWe 


0 
Neo = Cy (yoo) (stig )453-59237, 


where MWco = molecular weight of CO (=28.01115), 
MWey = molecular weight of exhaust gas (=28.967). 


10. Unburned hydrocarbon mass emission rate (grams per hour): 


MW 
Oe HC HC 
Muc = Mex (Toe) (aye) 453.59237, 


where IWue = molecular weight per carbon atom of HC, 


= 12.01115 + 1.00797x + 15.9994y. 


Ho 


11. Oxides of nitrogen mass emission rate (grams per hour): 


Mex MW 
¢ NO NOx 
NO, = Gy (TOS) (Hes, (Ku) 453.59237, 


where MNO, = molecular weight of N09 (=46.0028) . 


12. Power (brake horsepower corrected to a standard barometric 
pressure of 736.6 mm Hg and a standard temperature of 85° Fae 


PONT 736.6. fe = 460 
HP = s957.113 ‘8 - PV 55° 


where N = engine speed (revolutions per minute) » 
T = brake torque (foot-pounds) » 
t = air temperature (°F)- 


3. DISCUSSION) OF TEST RESULTS 


Maximum corrected brake horsepower, maximum corrected torque and 
brake specific fuel consumption (bsfc) are shown plotted as a function 
of engine speed at wide-open throttle (WOT) in figure 1. The maximum 
brake horsepower exceeds the value quoted in table 1. The engine 
produced a maximum torque similar to that value quoted in table 1. 
Maximum torque output and minimum bsfc were found at the same engine 
speed. The carburetion of the engine was such that lean A/F condi- 
tions were maintained throughout the entire engine-operating range 
except near WOT (figure 2) and at high speeds (4,500 and 5,300 rpm) 
combined with light loeds (power less than 20 bhp). Emission rates 
of CO and HC were maintained at low levels for all speed and load 
conditions which were associated w th lean A/F (figures 3 and 4). 
Emission rates of NO. tended to increase with increasing power out- 
put above 1,000 rpm Until A/F enrichment occurred for that particu- 
lar engine speed (figure 5). Fuel rates were generally found to be 
repeatable for those tests which were duplicated (figure 6). Fuel 
rate was found to be nearly a linear function of power for engine 
speeds less than 4,500 rpm and loads less than 75 pct of full load. 


4. 


CONCLUSIONS 


The purpose of the experimental work that is reported here is to 


establish data for this engine. 
panying tables of this report. 


Those data are presented in the accom- 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


Displacements cust images 25 Bik ene oe Rue eee poole etek) 
Maximum horsepower, bhp @ 5,200 rpm................ 52 
Maximum torque, lb-ft @ 3,600 rpm...............00. 70 
Bore and stroke, in..... sh fais ot atate etn ster ga cabed enc abe ter atatsie tehers 3.228 x 2.606 
Configuration: acsnccesnectite teem oem ien. in-line 4-cylinder 
Compress TONE Vals so). os ciowustelre ele oe eo emer imate: 8.5:1 
FUP UNG, ONGSM:, 2 ci ec cre wr cneemenne atone eG ane meee ores ]-3-4-2 
Ignition timing at idle speed, °BTDC @ 800 rpm..... 10 
Block -materials.5:ceh inca ome ane ree Ceca iets cast iron 
Head material. 1. chececcsseccusres cere erate eine ce aeare cast iron 
Number’ of ‘crankshaft mains bearings. se. c nce. - 5 
Number of compression ringS/piSton..........--se0- 2 
Numberrof o0l ap INgGS/piliSitonee crete irate secre 1 : 
Cam de Wie: Cy Pe cieais asiararectcostnla octet over orerarss steteweus leaner crane sprocket and belt 
Valve lift: 

Enitake insists i, cue erctectsverersitereuneueren crater oearl mreercrers 0.371 

Exhausit:,, Music Scie cit os rer eronerel chances eretcneye ecmeiees 0.371 
Valve timing: 

Intake opens), .CBICGo.2 Wiens erator cieices 20 

Intake: closes :SABGs. scieasc cc eiareteattereern 84 

Exhausit: opens\, (BBG acta ccveerie eee crete ere 84 

ExhauS teclOsesin AlGoeroc eset ee eee ecicr ner 20 
Spark: PUG «Gaps; Wire ccccavereteseterereun stl oieyeiebencnerererenee ereteene 0.035 
Engine:(wetghty,, WDicc:.24\2 5-5 bc eyoncavevarcbestetua e exereusierere eee: 200 
Exhaust-gas-recirculation system: 

Valve CY POs oiicis Siencidveresere cherevene sisi ereravepeienetereeneterenstens modulated 

Control: -sitignallicciiis:c.cce c-nis- esis suerouterereusietemistonetenretre ported vacuum 

Point of dilschanges cr. crreieicr ore cxsrenerclerolncneleesy cron: intake manifold 
Crankcase emission control: 

Control method) 5 <5 fic cjrereriorl sete sto stele chelenersyele oho POSMic VEMeChanKkeasie 

ventilation 

Point: Of Gischargecc.iciisctvereterers sro nvonerenel slasevenerers intake manifold 
Carburetor types w acticin ctecre es crsleuorrarie eionheesraielersracten. 1V downdraft 
Distributor specifications :* / 

Centrifugal advance, begins, ° @ 600 rpm...... 0 

Centrifugal advance, intermediate, 

LOMA) Vlilbnds Goce coueo dodo opodooneadod~ 4 

Centrifugal advance, full, ° @ 2,400 rpm...... 10 

Vacuum advance, begins, ° @ 4 in. Hg.......... 0 

Vacuum advance, maximum, ° @ 8 in. Hg......... 7/ 
Carburetor: NUMDEN ic icca citer a os acle eeetenstetetereeeve te erencronetaters 17056030 
EGR ‘Valve: number ssiccese teers Stclency tester eck ne ee econ neiee: 7046282 
Distributor NUMBER es seccds assis cereversiorete clmereresverreceste 1110654 


*Distributor rpm and deg. 


TABLE 2. ENGINE BREAK-IN SCHEDULE 


Simulated Vehicle | Engine Speed, | Manifold Vacuum, | Fraction of Time 
___ Speed, mph rpm in. Hg in Mode 


Mileage per cycle = 90. 
Total mileage accumulated over 40-hour break-in period = 1,310. 


TABLE 3. FUEL SPECIFICATIONS 


PUGH NOR a. s-. (scBe syete oie’: -ctecs letsbecetenencreme ins 
Research) octaneoNo\... csc cies crore oie 
Motoroetane Nokes Hakim cece in, em rok 
Speci milGrgnavaleyAmdegmemecitrcreterccr ier 
APT grav tty 5 degpen snes cucsternctacretsteter 
Distillation, °F: 
10: peti evaporated oes 
50 pct Mic se aapaicattetaits Pacodetewodscalete ore hc 
95 pct TE ral tpl sve vital tstveueafe tetra vattortower ets tPons 
100 pct RIM Serer Sern Ae Se 
Reid vapor pressure, pSig............ 
FIA analysis, pct: 
AY OMACTCS ois sie Ge ial las ee scasieamce 
QO TTS cis ea che Sree ee eee potet ene torerone eran 
PAVatf UNSica:s sicreterdietetere otecefelevel are evenmacits 
SUTRUN, PCE. er wi ise nee antartawerenortee 
Leads, "G/ Gallic istics ceric ieee talsratncsereie ere 


Hydrogen/carbon atomic ratio......... 


‘Oxygen/carbon atomic ratio........... 
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CORRECTED BRAKE HP 


BSFC, 1b/hp-hr 


1,500 2,500 3,500 SOO SES OO 
1,000 2,000 3,000 4,000 5,000 


ENGINE SPEED, rpm 
FIGURE 1. Brake Specific Fuel Consumption, Torque, and 


Brake Horsepower versus Engine rpm at Wide- 
Open-Throttle--Chevrolet 1.4 liter Engine. 


12 


[op) 
on 


TORQUE, ft-1b 


on 


AIR-FUEL RATIO 


10 20 30 A0 50 60 
POWER, bhp 


FIGURE 2. Air/Fuel Ratio versus Power at Various Speed 
and Load Conditions--Chevrolet 1.4 liter 


Engine. 
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CARBON MONOXIDE, grams/hour 


14,000 


12,000 


10,000 } 


8,000 
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2,000 


FIGURE 3. 


50 


POWER, bhp 


Carbon Monoxide Emissions versus Power at 
Various Speed and Load Conditions-- 
Chevrolet 1.4 liter Engine. 
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300 
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HYDROCARBON, grams/hour 


100 


50 


POWER, bhp 


FIGURE 4. Hydrocarbon Emissions versus Power at 
Various Speed and Load Conditions-- 
Chevrolet 1.4 liter Engine. 
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OXIDES OF NITROGEN, grams/hour 


400 


350 


300 


250 


200 


150 


100 


50 


20 30 
POWER, bhp 


FIGURE 5. - Oxides of Nitrogen Emissions versus Power at 
Various Speed and Load Conditions--Chevrolet 


1.4 liter Engine. 
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FIGURE 6. 
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Fuel Rate versus Power at Various Speed 


and Load Conditions--Chevrolet 1.4 liter 
Engine. 
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